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Abstract. The article discusses a method for planting seeds in stony soil
and a device for its implementation. It has been established that the quality
of seed placement in the soil significantly depends on the quality of
formation of the earthy soil layer at a depth of seed placement.

A method is proposed for planting seeds in stony soil, which includes
cutting off the upper layer of stony soil with its simultaneous separation,
formation of stony and fine-grained layers from it and laying them
alternately on top of each other, forming grooves, laying seeds on its
bottom and falling asleep seeds with soil. In contrast, the depth of cut of
the upper layer of stony soil is taken equal to the sum of the depth of
seeding and the maximum size of stones. To implement the method, a
proposed device includes a frame, a ploughshare mounted on it, and a
separating grid made of several parallel wire elements, sowing machines,
disc coulters, and fenders.

The economic efficiency of the proposed technical solution is associated
with maintaining the period of the emergence of seedlings and,
accordingly, increasing the yield of crops, as well as increasing the
productivity of sowing machines.

1 Introduction

Various agricultural crops are grown in the foothill areas. However, in these areas, the soils
are clogged with stones to varying degrees, which are the main deteriorating factors in the
placement of seeds, thereby reducing their yield [1-8].

A known method of embedding seeds in the soil during sowing includes forming a
groove, laying the seeds on their bottom, covering them with soil, and compacting and
backfilling the groove. The disadvantage of this method is that when the seeds are covered
with stony soil, stones fall to the bottom of the groove and, accordingly, to the seeds and
form a solid coating above them.

This phenomenon sharply reduces the quality of seed placement with soil and leads to a
deterioration in the necessary conditions (temperature, water-air conditions) for plant
growth [9-15].

There is a method of machine planting of seeds, including the formation of a groove
with the simultaneous formation and compaction of its bottom, the placement of seeds and
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their pressing to the bottom of the groove, the filling of the seeds with soil, followed by the
formation of a roller above them, and the compaction of the roller. The disadvantages of
this method are also the poor quality of seed placement in stony soil. In addition, a sowing
section is known, including a coulter, coverer, and soil separators, which in this sowing
section is the low quality of embedding seeds with stony soil, since the soil separators
ensure the removal of stones that are only on the soil surface [16, 17].

Closest to the proposed is a closing device of a cotton planter, including a coulter with a
clod ejector, pushing and rolling rollers, and harrows mounted on the frame, and the quality
of seed embedding with stony soil is also poor.

2 Methods

The quality of seed placement in stony soil significantly depends on the quality of
formation of the earthy soil layer at a depth of seed placement, i.e., from the complete
exclusion of stones that adversely affect the operation of the closing organs of the seeder.

This condition is achieved by: firstly, the processing of stony soil at a depth greater than
the sum of the seeding depth and the maximum size of the stones; in this case, the
possibility of large stones falling into the earthy soil layer is completely excluded;
secondly, due to the high-quality separation of small stones from the soil on the separator.

High-quality seeds (for example, wheat) incorporation into stony soil can be carried out
from the following sequentially performed operations.

When the sowing unit moves forward, the upper layer of stony soil is cut to a depth
greater than the sum of the depth of seeding and the maximum size (along the length) of
stones, and at the same time, furrows are formed to a depth greater than the maximum size
of stones. In this case, the protrusion of even a part of large stones into the earthy soil layer
is excluded. After that, the cut layer of stony soil is directed towards the separator, while
large stones, having a large weight, are separated from the stony soil layer during flight and
fall to the bottom of the furrow. In the separator, small stones located inside the soil layer
are separated from the fine-grained part of the soil; they form stony and earthy soil layers
from them and stack them alternately on top of each other above the bottom of the furrow.

In the future, grooves will be formed on the earthy layer of soil; seeds will be laid on its
bottom and covered with soil.

Thus, the formation of a fine-grained layer on the soil surface and high-quality seed
placement makes it possible to obtain friendly seedlings due to the uniform placement of
seeds on the bottom of the furrow, as well as to increase the productivity of sowing
machines by reducing machine downtime (the number of breakdowns of working bodies
from stones is reduced).

To implement this method, a stone separator is proposed that is installed at the front of
the seeder (Fig. 1), including a frame 2, a ploughshare 8 installed on it, a separating grid 9,
made in the form of several parallel wire elements, forming the surface of each of them is
made in the form of a part ellipse, casing 10, attached to the seeder, having sowing units 4,
disc coulters 6 and harrows 7. Due to the high-quality placement of seeds in stony soil by
forming an earthy soil layer on the surface of the field, this device makes it possible to
increase the productivity of sowing units.

The device is used for sowing seeds of various agricultural crops and improving the
quality of seed placement during the pre-sowing treatment of stony soils.

The device works as follows. Before operating the sowing unit, the angle of attack of
the plowshare is preliminarily set to 8 using an adjustment mechanism depending on the
maximum size of the stones.

When the sowing unit moves forward, the ploughshare 8 cuts off the top layer of stony
soil with the simultaneous formation of a furrow and directs it towards the wire elements 9.
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Stones that have a large weight are separated from the soil layer during flight and enter the
bottom of the furrow, and small stones from the earthy part of the soil on wire elements 9,
while they are separated from the earthy part of the soil form a stony layer from them and
are laid on the bottom of the furrow.

Fig. 1. Device for planting seeds in stony soil: 1 is stand, 2 is frame, 3 is bunker, 4 is sowing unit, 5 is
seed tube, 6 is disc coulter, 7 is harvester, 8 is ploughshare, 9 is separating grid, 10 is casing.

The earthy part of the soil formed in the process of separation through the gaps between
the separator wires with the help of casing 10 forms an earthy soil layer and is laid on a
rocky soil layer. Later, on the earthy layer of soil, the seeders open the grooves with the 6
coulter; the seeds are placed on its bottom by the sowing machine 4 through the seed duct
5, and they are covered with soil with 7 seeders.

3 Results and Discussion

It has been established that the quality of seed placement in the soil significantly depends
on the quality of formation of the earthy soil layer at the

depth of seed placement, i.e., from the complete exclusion of stones, which negatively
affects the operation of the seeding planting organs.

Given the above, the angle of attack (a) of the separator share (Fig. 2) must be set in
such a way that the depth of the groove (Hjp) formed after the passage of the share must be
greater than the maximum size of large stones ([;) and is determined by the formula:

o
a = arcsin Ek (1)

where B is the share width, m.
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Fig. 2. Motion of a particle thrown at an angle to the horizon

It has been established that the efficiency of separating stones from the earthy part of
the soil with separator wire elements depends, firstly, on the angle of attack (a) of the
ploughshare (because it affects the maximum height of the soil layer), and secondly, on the
location and shape of the wire elements (since it is necessary to comply with such a
condition that the maximum height of the soil layer (point A) is behind the wire elements at
any angle of attack of the plowshare). The trajectory of the movement of the soil layer with
stones is determined by the formula

Y = xtga — —o—— x2 Q)

2V¢-cos? a

where x is the argument, m; y is a function of x; a is the angle of attack of the plowshare,
deg; g are accelerations due to gravity, m/s?; v , is the speed of the particle, m/s.

The coordinates of point A, depending on the angle of attack of the ploughshare, are
described by the expressions:

Ve 2
YA=Z—51n o4

. ©)
Xy = DBeos?a
A= 5

Denoting vZ/2g = a, and solving the system in the form y = f(x), we get equation (4) is
an ellipse with axes a and a/2, while the coordinates of its center are the point [0; a/2].

2 _3&2
X -3 =1 (4)

a? aZ/4

In this case, the most rational part of it is the part that is limited to 0<x<a and is
described by the equation



E3S Web of Conferences 365, 04006 (2023) https://doi.org/10.1051/e3sconf/202336504006
CONMECHYDRO - 2022

y=11+[1-5) 5)

Proceeding from this, equation (6) is taken as the generatrix of the surface of the wire
elements of the separator.

4 Conclusions

1. Before the seeding unit works, it preliminarily sets the angle of attack of the
plowshare with the help of an adjusting mechanism, depending on the maximum size of the
stones.

2. To improve the quality of seed placement, the earthy soil layer is laid over the rocky
one, and the cutting depth of the upper layer of rocky soil is equal to the sum of the seed
placement depth and the maximum size of the stones.

3. The stone separator grate is provided with a casing, and the resulting surface of each
wire element of the grate is made in the form of a part of an ellipse described by the
equation:

a

—2& . 0<x<a
X
2<1+ (1+X_2)>

y:

where x is argument, m; y is a function of x; a is the major axis of the ellipse, m.

4. Due to the formation of a fine-grained layer on the surface of the soil and high-
quality seed placement, and increase the productivity of sowing machines by reducing
machine downtime (the number of breakdowns of working bodies from stones is reduced).
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